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(54) CAUBRATION METHOD AND DEVICE FOR MONOUTHIC VOLTAGE REFERENCE 

(57)Abstract: 

PURPOSE: To provide a method and a device to calibrate the 
monolithic voltage reference as a function of temperature. 
CONSTITUTION: An error calibration device of the monolithic 
voltage reference has a bandgap voltage reference 50 which 
outputs the voltage that undergoes no trimming and the 
temperature voltage, and these voltage are sent to a delta- sigma 
type A/D converter 52. The output of the converter 52 is 
processed by a digital filter 54 and stored in an EEPROM 60. The 
EEPROM 60 stores the temperature history data in a certain mode 
and also stores the temperature compensation data in another 
mode. In a certain mode, a multiplier/accumulator 74 produces a 
compensation coefficient based on the temperature compensation 
parameter given from the EEPROM 60 and sends this coefficient 
to a D/A converter 76 which controls a trimming circuit 14 as a 
digital word. The circuit 1 4 compensates the temperature of output 
of the reference 50. 
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lo 0 0 1 ] 

[0 0 0 2] 
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{z\tmT^ (PTAT) mmm,E.x^r>. 

[0 0 0 4] 

liSil 



(processing uncertainties)SD^^rBl :7 h(c 
[0 0 0 5] 
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i^h^^^^y^mm^±^x^^hztx^ho z(Dmm 
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IE tc ^-r -Siam/ESipi^it^-C ^ yu^asft ^ $r 

[0 0 0 8] :*:^P>^co$ibtc:SUOfl#m*i. t^J^ h^JWS 
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loo 1 0] ^T. mHmm^^m\.x:^^m%:mmm 
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[0012] 1 eico-rv^^.'W K y ^ ^^^=1^1^ K 
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[0 0 14] m2\'X^—^yyi o±(Dm i tc^ufc^ 
y y'>^;/^S*<^$b(-i^^''<f>^Diyi5^^T-*>So 
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i/sip 1 2 h*^^ ^/:/mji^2i5 0 (ci: y) mmi- 

^\f^i-xmi^^^^m'y :^i—mi^(oxz>^j:h<ox'X\f\ y< 
>^h*^^y>^mi±&m5o\-x-^mm^tix^y). -^ti 

mMmtmmx'i^fj:\^\ y<> K=¥-y ly^m^mm soi-a 
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S!i<7> 1 0(Di^«ll P T A T!»@JE^m:^-C# 6 r ^ -C 
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^J^c:^oV^T. w(Or':^^^-'r'^;'^/^=2>-y<"^$^ 5 2fi 

i:^^m^w^5>is^7^>'t-i5' - c/i/-^ =3 v/^^ ^ t L T y 

=3>-T*^m$tLSo cnfiEarly et al07l^g#i^m 
4, 9 4 3. 8 0 7-^ (^^(0^$i::Digitally Calibra 
20 ted Delta-Sigma Analog-to-Digi tal Converter) JcfS 

5 2\-xM\^^m^\^—^mn^^'t^r-ruy'7^—Yy<y 

^^tTo T-:hni/A:^{t-^t*^<:^K:¥-V'>:7^mflES*5 
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30 m\.tzim(0:^^ y^X^f^^ 1 hy'i^^/i—T^ 
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V^J^SiS:ti3 2 7. 6 8 kHzT**)So 1 5^ fy^v^ 

[001 7] t'/w^— >;/-^^T•:^t3^/-•r>^^/^=I>' 
'^0 5 2(Od^ts\t^V'^ ;\^-7 ^ jy^^ 5 4--.A:^$tL 

v^^/u>'-</i-^5^T'fc'9. i^i^T-iS^^MigcO 1 bfy ^=IV 
y^U-l$^ ttl;^^(g:^S[»<^ 1 6 5/ b5>»gim;^tc^lfe 

5 2 ^T^'e^^/l^^'^f 5 4^f*:oy'Y-^^ y^ U>^%y 
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50 (t-C?ii< A:^VthRt/VuHTRia^il^$-fr5>t><75T-fc 
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[0 0 18] "fi^^ J^^ -< b 4(D\i:^t}\t.'fi^^Ji^'f 
(EEPROM) \Z,Xti^fl^^ ^(7)EEPROM60 
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(R/W) $rffiv>TtT9o 1^ 
^L3iV^;6SR/W^t-^^'Y V6 8Ji:^ .y:/C0^Si5r't^^ 

EE PROM 6 O^Hg^^< rT'n^^ ^ V-^-TSfca?)^ 

r-*i>6o :miiEE PR0M6 otcg^oii^it-rfcSo 

[0 0 2 01 7^— 5 8ti^fc-^/i-^>^^-f -^/T 
a^ti^o ■^/i-^:7^^-<-v/r=^zr Au— 7 4(i h y 

7 4H1 6 KX 1 6 t'-/ ht7)^^<b 1 6 t'^y hCO^P 
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jvY<Dm^mmri'^:Ltx-^^. b y ^ Vi/xi^^/^- 

mP^\^hr). 3. 07i^Vi-h(;i h y ^:/:/-r5t;iiii#v^v^ 

-r^n ^=3 ^(ODNL^t^I NL(i#3i 1/4 

[0 0 2 31 ^3:7!?ii7 ^#MUT. l^^cOft^fiT^v^ 

30 f}^^:fy^^t. ViDEAL(7)mffi^«7c;-r5t-iirc7:)M^ft 

[0 0 2 41 l^4(i'r~^?^0 2oCD-fe^^7« > IP^ 
§^<;)-fer^^ >- h i:^^(Oir^^ > h (c^f 6 Vuntr i y 
VidealC>:7'd -/ h^^ip-t-„ Tn-i <Tx <TNT*fetb 

4(7)*^(C##^P;tfctt7>T*fc6o ^(D^^^^m5{Z7r: 
-/O [00251 me (Ihy^ >'^^ixTl^7'^V>miEA^^ 

yXi^tiai^FTte^^^Mco^HtrLfc^. tm)i 

[0 0 2 61 
[^31 

50 
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10 0 2 7] 
[»4] 

JbjL = 5x - ( /Hj^ >r ) 

[0 0 2 8] 
[»5] 

[0 0 2 9] 
[^6] 

y - mx + b 

]) xj^^nm^^^t^^^-^mxhho ^/hs^&^/ti^ 
y^y'^^^^^m^xmt^mi^mm-^mx^y^o ^h\cm 

<o^\'^^^^i)^^pf^<fi^. ^^'^x\'titm\t.T^%:n 

VuNTR I y (c*t UTSAtL'^rig^'j: vtr I H ^g^-r S (c:-f-5> 
:y\z.f^-DX^^^<oM.^Wt'&'r^'^^m*^^^^tt^^f)^ 

<D^mm^m\^^htL^^'E P ROMS O (ClStt^iir^o 

[0 0 3 01 ms\t.'fj^^ — 'y^^^^it:^^(DWi^M 
X;hho :^(om7b>h^^-^^^^^. t^/u^—- ^^Z-^MT 
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9 0, 9 2, 9 4(DA:fJ\C^I^\^Xh^o ^^ y^8 
6, 8 8. 9 2 0t 5— K9 etCg^iSEL 

^ 5 2COVREFERENCEA^^1Sj5Jci"So ^ 

^y^9 0(Oh 9-*<^(ilf*y — K9 8fcSMUT*> 
2 0VSIGNAL A;^^ff^fi^i"5o Vthfi>^>< 1 0 OCD 

— :^(O{B!Jtc^Ji0cLTfc«9. t» 9— ^-toftijfiy- K9 etc 

mmi^Xh^. t>9-*0{ijtiy-K9 8tcg^MbT^ 

[0 0 3 1] yrs ei'i.'^/u'f'yi-^ ^mwt-^4> 

^^5o :^'Yty^9 2, lOOJi. US^m^-t^tztbiz 
;^-r y^9 4,1 0 4fi. miE^aJ^i-5fci^!?^c^v^;5 
X. 4o(D-e/i-^:/U;j'xffl^ft-§r,fn I? 4o 

tg.S:&t5mm^^-CSlJ^UT-eftf>^E E PROM6 0 

JEVuNTRi«^^ifeli/E^tt^i-5fcf-tT'J: < . fiJ#(co 
— T^i^^/V-^a ^ 5 2 COVsi6NAL{e^$rVuMTR|yje 

siGHALA;^tc:A:^^it. VuNiRiyft-^^ Vreference A 
t}\zAti^^txnOo 'SJE<oSfI5£»i«iE^ViDEAL{t'^ 

[0 0 3 2] m9\'Xv'/\^^—>i^'^MT')'uy-v^iy^ 
/U::2:yy<--^<D:/t3 ^y^MX^^o Vreference A;^{i 

v^5o r(^A:^y- KJitifl'Slfi 3 4co^s^A;^tc:^ 

m^tix\f^^o mm^. vsi6HALA:^ii;^-f -y^h^-t 

/-^v-iJ^-fei^^ v'g :xl 3 60— -^COt) 3 

-':^<Dmh?<tiy- h'l 3 2{zmm^irhXi^^o y 
^ hc^^/N-i/^-lr^^v-a VI 3 0, 1 3 6 

{i2o<7)giJi@jc^j^S^n5>^^ :y^^:^LTT— 

h^^-^^-^'V^-feiJ^ v-a VI 3 0(DAtiRnti^:t)\Z 

50 SE^K^ix-Sp f^i«itcoi.^rift§g-t-5^. W,\^>(^Mz 
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[0 0 3 3] m^^l ^ ^<DR^Xti\tT-:^\cmm^ 

rBltCJi:7^ — hV<^:^7:^-V^'^v'^ 1 4 O^i^^^^ixTV^ 

TV^6o wOy— Kl 4 2fi;^^ 5/^1 4 4^:f^LT^ 
^^tl. ^yt^^-^-^iX^ 1 4 6 0— :^C7)<B0(-t>^^$:h. 
Tv>>5o ^^^^'^ix^ 1 4 6 9— ;^fDmiJf±y — Kl 4 
8^cSi^^i^"Cv^-5o Ki 4 8ti;5<.-< o/^i 5 

^15 2 0A;^^-S^$tLTV^5o ^lyy<U-'^ 15 2 
OH:J;/jfi I XOT^'v^^/l-^^^^^-rSo Kl4 8fi 

^fc>'>f — hV^>>i5^/"^;^^^Lr=^^>''?v^^ 1 5 S<D— 

6o :i<D:3e^yN-ix^ 1 5 8 (oti 9— :^^7){i!j(ir— 
^^c^^^/^v'^ 1 6 oo:>ho—ij(omk'Xy — V i 6 2(c: 
g^3K$ixTl^5o Kl 6 2H;^^ iy^l 6 4^^b 

TT-^t;iS)^^:h.^fc^-r :y^l 6 6 LTif^'S^ 
1 3 4com:^^-g^l^^i^TV^So ::fLJbco;^'r 4 

0, 1 4 4, 1 5 0, 1 5 4SU«:^^/^v'^ 1 4 eilttJ 
-l':y^l 6 4, 1 6 6 ^tJ^^-Y^^v^i5' 1 5 8 , 1 6 0 

1*^2^515^ tbf^T'fc 5 o CtL^^TCO^^ h=^-^-^^•^/ 
[0034] gllOtiM;^ ^^i/lHlSS 1 4 op^Tl^liS 
HT-fcSo liffVuNTRiyti-^/l^^^J' yy^^gfeil 8 2CO— 

-;^^-SJK^i^Tv^So y^fx-^-i 8 4fiigSi[:i 8 2C0 

6 5, 5 3 em(D0'h<Dii:M<Dmzmf^^h.^A^. Z<D 

^ 5-:fr</5«a5fi/— Ki 8 etcisSE^tLrv^-So 

y - Kl 8 6{±x<^y :7T^^O^g[ii*i^l 8 8(D~:^ 
-r^oi^=ri^y<^^ 7 6i'XU4y<—l 8 4;55^^^iX 



(8) #§^^6-2 7 6 0 9 7 

[0 0 3 5] mi 1 J^EE PROM6 0 <7){^i5$r^-r^ 
n-y^HT'^'So ±iELfc<tp(C. rOEEPROM6 

t-i"5o tc^oT. EEPROM6 0J:i^.y:/<O^$I57!>^^ 

7 AmiE^JW^^ 9 0{c;?ra;tT. ^!x:7'(0^^{C 

'T'o^/^ Amff;6^VpR0G$^^tc:A::^^n. i/o^/^Am 
iE/iSEE PROM6 O-^RlJ^JD-rSr i:;6S^gfei/.^5o R 
/Wit-^H, -eyw^:/U^-tM 9 2^:frLrEE PRO 

M6 ooR/'w^t-^tii^^^ih.S t''>-±(;iA;':j^ixSo 

[0 0 3 6] r/w I /o?K— h 6 4fi 1 ocoe> 
<i:. 'vyU5^>^i^:^^lM 9 4 ^^^LTilfea^U 1 
9 6 i:^c:^i^^i^TV^5e r (?^l&ii:^J=3>-y<;-^ i 9 6 
fl. -^/u^T/Ui^-tM 9 4;0>^OV!J T/i^A;':^^--^ 

Ki^^^^^2 0 0-^(OS^(^)fci6-^/^^yi^i^lM 9 

8 (c J; o r ^m-fk ^ tufc f (;i T K u :^ $ 
50 ixSp T KU;^^^§§2 O 0 filSSffl^QSS 5 6 (D— SfiJ 

T-fe*9. r Kl/><^/^;^ 6 2_h--ffi;'7^:h.5r Kl^>^^^ 

t tcj: 19 T Kt-:^^A;^$-^So TKi/^^^^2 0 0 

r Kl^;^$r»:^-^6e rcOT Kl^:^fi-?-CO^EE PRO 
M6 o-^todb;^!?^ ry^^n. I^li >9 K^:: coT^'- 
yc:J:^{C. f^5/>^(^^a5ji*bra)EEPROM6 0t;ir 

:7'±tCjf^fi£-rS^ EE PROM6 0 -^(75^35^5^ lb <7)r^J' 

[00 3 7] ^lEMvm. 9^^umMY^^ 1 9 52^mM 

ir^fz.}h<Oy-7s hiSr^ib$i^:STEST{t#$r^^-rs 
i5'-^^^Jffli:/D .>^>:^ 5 6--A:^^nSo m^mU^zTuy 
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X — ^tiE E PROM6 OtC|Ett^tL6a ^^i^&M'^ 

Iii95fii30" cfi^^so" cjc«/>-t-5iaS®ffl 

[00 3 8] m 1 2 fi:*:^§^Oj5iJ<D^te^?yr-fc . ^<D 

LT^IflSCOT E S T{t-i-^5^SEi-6 ^ # E E P R O 
M6 0--ialt^ii:5fc46<oM«^'^^7«-<^t^fl-g^ i <5 
/£5p EEPROM6 OtClElS^-^SMffi^'^^^— iJ'ti 

[0 0 3 91 ilIf^^;lov^Tl5iB^i-^i:. -^/i-^:ruij^-t?- 
-^n^v^— i?'^^;^ 5 s^v^tiiT Kt-;^/-^;^ 6 2--Mur^ 

lEy<^ ^-^ib^fi-m^fy^^o EEPROM6 OtClS«^ 
^/u^ 5 4tc:J: •9m;'3$n5TEMP7^c^i5'/Mfit-^j;S 

-\='/r:¥:xi^l 7 4CO^J^{Cj: •9l^S^J^aiHl^5 6 

— K;J|5RUNlb^t^. ^ ^ LTEE PRO 

M6 o^;l|^1t$i^5<t 5t-i-^o 

[0 0 4 0] TE STft-^d5fc5^:. "^/^^^ ty r?"L# 
V>lE]^2 0 1 tiT^— ^^<>^ 5 8;6^f>7^— i5^^SttT-^C7) 

EPROM6 0-^fet6^-fr6fci?)Xv?;5^/i-S«!7— 

0° C;6^e>3 0° C---^{b-r6^. v^^/l->^-r >'^^ 5 
4 J; 19 tb;^ $tt57^v^i5^/i-i&SM;&>#S:<^ L# i^^Mco 

^ 5 2;d5^^L/t7^v^i$'/W?a 
S{t& t/x v?^ /^^ ^ — mEEds-^/^^:/^ -y/T 
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7 4icF?li^-r^ffi^r/i-=i'y Xi.^c^^^oT7='v^^5^/^ 
E PROM 6 0(c:i^®^^^^o 
[0 0 4 1 1 ±i^LfcJ: 9tc, rtvJl7^v?^/^:7>f 

EEPROM6 OrtcoT Ki/;^t::-r#*^.^v\ ^^(c, t 
Ku;^^^IS2 0 Ofi-^/u^i$' 5/>^Ltl.^tHlSStc J: «9««J 

KT'fi. RUNSbf^tl7^v^i$'7i->^^/i-^$' 5 4tcJ: «9m;^ 

is!>EE P ROM6 OtctBit^tL5TEMPii:<^c7)M:gj^ 

i^:^^<t-r^o (n 1 2 <7)^jK5«?ijT-fi. «alH][^^u^^i^/ 
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